[Purpose] The purpose of this study was to investigate how a stretching torque affects muscular contractures.
INTRODUCTION
Contractures result in a decrease of joint range of motion (ROM) and are caused by the skin, muscle, tendon, and joint capsule that exist around the joint. In particular, contractures caused by a muscle are called muscular contractures. Muscle participation in ROM decrease changes with prolongation of the joint fixation period 1) . Therefore, when assessing contractures, the fixation period must be considered.
Fixation is put into effect in orthopedic treatments using a cast. Clinically, stretching is performed to improve muscle flexibility. However, stretching torque has not been clearly determined. In previous studies 2, 3) , the influence of stretching contractures has been examined using animals, but the number of times that stretching was performed has not been consistent. To adequately evaluate the influence of stretching, it is necessary to standardize the number of times it is performed.
The purpose of this study was to investigate how stretching torque based on weight affects muscular contractures.
SUBJECTS AND METHODS
Forty-eight male 9-week-old Wistar rats with a body weight of 303 ± 7 g (average ± SD) were used. The animals were housed in a temperature-controlled room at 23 °C on a 12 hour light-dark cycle and were given free access to standard rat food and water. This study was performed according to the Regulations on Animal Experiments of the Prefectural University of Hiroshima and was approved by the Animal Experiments Committee (Approval Number: 12 MA 006).
The two hind limbs of 36 rats were fixed in plantar flexion. Joint fixation periods were 2 and 4 weeks. All of the rats were divided into 4 groups as follows: Group 1 was the control; Group 2 had muscles in continuous fixation; Group 3 had muscles stretched in the direction of dorsiflexion by a spring balancer set at a torque of 0.3 N for a period of 30 minutes after continuous fixation; Group 4 had muscles stretched in the direction of dorsiflexion by a spring balancer set at a torque of 3.0 N for a period of 30 minutes after continuous fixation. The stretching program was performed once for 30 minutes 4) . After the experiment, ankle joint ROM and soleus flexibility were analyzed.
ROM of ankle joint dorsiflexion was measured according to the following procedure. First, the rat was positioned on its side, and a force of 0.3 N was applied perpendicularly to Original Article the sole of the foot by a tension meter (LTS-1KA; Kyowa Electronic Instruments Co., Ltd., Japan) 5) . Then, a digital photograph was taken from directly above the hind limb, and the angle of dorsiflexion was measured with computer software (Image J 1.44p, U.S. National Institutes of Health, Bethesda, MD, USA). To eliminate forefoot movement from the measurement, the dorsiflexion ROM was defined as the angle obtained from a line parallel to the longitudinal axis of the fibula and a line parallel to the bottom of the heel. During ROM measurements, the knee joint was flexed.
To measure the degree of soleus flexibility, the lengthtension curve of the soleus was determined using an Autograph (AG-50kNG; Shimadzu Corp., Japan) 6) . Under anesthesia (sodium pentobarbital, 40 mg/kg), the ankle was positioned in full plantar flexion, and the calcaneus and tibia were fixed with a 0.7 mm Kirschner wire. Then, the skin and gastrocnemius were removed surgically. After sacrificing the rat, the femur was cut above the origin of the gastrocnemius and mounted on the Autograph with the upper clamp. The tarsal bone was mounted with the lower clamp. The tibia, fibula, and all lower leg muscles, except for the soleus, were cut, and the tension torque was measured at the 10 mm lengthened position of the soleus muscles 7) .
Data are expressed as mean ± standard deviation. The Kruskal-Wallis test was used for analysis of ankle joint dorsiflexion ROM and soleus flexibility. The Steel-Dwass test was used for the post-hoc comparison. Statistical analyses were performed using Excel Statistics 2010 (Social Survey Research Information Co., Ltd., Tokyo, Japan). Significance was accepted for values of p < 0.05.
RESULTS
Dorsiflexion ROM data are shown in Table 1 . In both the 2-week and 4-week joint fixation periods, significant differences were observed among the 4 groups. Compared with Group 2, ROM in Groups 3 and 4 showed an increase; compared with Group 3, ROM in Group 4 showed an increase.
Soleus flexibility data are shown in Table 2 . In the 2-week joint fixation period, significant differences were observed among the 4 groups. Compared with Group 3, soleus flexibility in Group 4 showed an increase. In the 4-week joint fixation period, compared with Group 2, soleus flexibility in Groups 3 and 4 did not show an increase.
DISCUSSION
Generally, stretching improves muscle flexibility 8) . In muscular contractures, joint fixation for more than 4 weeks changes the arrangement of the endomysium 9) , and the amount of collagen increases in the muscle 10, 11) . In our study, soleus flexibility improved with a 3.0 N torque in the 2-week fixation, but did not improve with a 3.0 N torque in the 4-week fixation. In the 4-week fixation, the soleus showed morphological and physiological features as reported in a previous study. In the 2-week fixation, such morphological and physiological features did not occur. Therefore, soleus flexibility in the short joint fixation period improved with stretching. However, in the long joint fixation period, one 30-minute stretch was insufficient to improve the morphological and physiological features found in the soleus.
In normal joints, ROM is increased by a stretching torque 12) . In our study, dorsiflexion ROM was increased by a stretching torque; however, the 0.3 N stretching torque did not increase soleus flexibility. ROM is dependent on flexibility of the skin, muscle, tendon, and joint capsule 13) . In our study, we concluded that stretching had an influence on skin and joint capsule flexibility. We suggest that a 0.3 N stretching torque improves skin flexibility and/or joint capsule flexibility.
A limitation of this research was lack of consideration for convalescence after stretching. Therefore, research is needed regarding how muscle flexibility is influenced by muscular convalescence after stretching. 
